Abstract Background Prescribing errors are prevalent in hospital settings with feedback identified as one potential error reduction strategy. Hospital pharmacists work alongside prescribers at ward level and are credible facilitators of prescribing error feedback. A formalised programme of pharmacist-led prescribing error feedback was designed and implemented Objective To determine the impact of the feedback intervention on prescribing error rates. Method Prospective prescribing audits were undertaken at baseline for control (n = 11) and intervention group (n = 10) prescribers. The intervention group received pharmacist-led, individualised constructive feedback on their prescribing, whilst the control group continued with existing practice. Prescribing was re-audited following 3-months of the intervention. Data were analysed using chi-squared and independent t-tests. Results Error frequency (123/641 intervention and 121/649 control) was comparable between groups at baseline (p = 0.819) with significant differences (90/1677 intervention and 236/984 control) post intervention (p = \0.005). Prescribing error rates were lower in the intervention group (mean change of -11.5%) and higher in the control group (mean change of ?5.9%) following the intervention, with a mean significant difference of 17.4% (SD 4.7, 95% CI, -27.3 to -7.6), t = -3.694, p \ 0.05, between groups. Conclusion Pharmacist-led prescribing error feedback positively influences prescribing. This intervention shows promise for wider application in hospital settings to optimise patient safety.
Introduction
Prescribing errors are prevalent in hospital settings in the UK [1, 2] . Interventions to support desirable prescribing behaviours are needed with feedback reported to improve prescribing practice [3] .
Feedback has been described as ''information describing … performance in a given activity that is intended to guide … future performance in that same or related activity'' [4] . Empirical evidence suggests that for feedback to be Electronic supplementary material The online version of this article (doi:10.1007/s11096-017-0503-x) contains supplementary material, which is available to authorized users.
effective, it should be timely, frequent, actionable and delivered by a colleague who has observed practice [3] .
Pharmacists commonly work alongside prescribers on hospital wards in the UK, and have reported that they would be willing to provide prescribing error feedback [5] . Doctors have reported a lack of feedback on prescribing [1] , a finding that could reflect time pressures, shift patterns or lack of facilitator training. However, doctors have also reported welcoming more feedback on their prescribing [1] , whilst previous work by our research team reported that prescribing error feedback was valued by doctors, with pharmacists considered credible facilitators of prescribing error feedback [6] .
Recently, non-significant reductions in prescribing error rates were reported for a feedback intervention in one UK setting [2] although prescribers could not always be identified. Evidence supporting the use of feedback to improve prescribing practices in hospital settings is limited, with further studies required.
Aim of the study
To determine the impact of formalised pharmacist-led feedback on prescribing error rates.
Ethics approval
Relevant hospital and University of Liverpool ethics committees approved the study prior to data collection.
Methods
Prescribers on two intervention wards received feedback from ward pharmacists and were compared to prescribers on two control wards that continued with existing practice, which typically consisted of highlighting an error and asking for it to be amended by the prescriber. Wards (all 32 bed medical wards) were matched for patient turnover (approximately 40-80 per week) and prescriber grade (see Table 1 ).
Population and setting
This study was undertaken in an acute hospital in the North-West of England between August and November 2015. Pharmacists visited wards on week days as part of the clinical pharmacy service. For study inclusion, a Prefix FY Foundation Year trainee, CT Core medical training doctor, ST Specialist Trainee, suffix 1-7 = year of training programme, with foundation grade doctors the most junior and then CT, followed by ST and then consultants the most senior prescribers needed to have prescribing data at baseline and post-intervention for comparison of any change in prescribing error rate. Additionally, the intervention group had to have received pharmacist-led feedback at least once to be included.
Data collection
Pharmacists were trained in data collection by the researcher using example prescribing scenarios (see supplementary material) to increase consistency in prescribing error classification. Prescribing errors were defined [7] to include any incorrect or omitted instruction requiring pharmacist intervention, including both clinical and nonclinical errors such as not dating the prescription, prescribing illegibly, contraindications or dosing errors, or drug-interactions for example. Prescribing was audited over a five-day period pre-intervention and following three-months of the feedback intervention.
Feedback intervention
Pharmacists working on the intervention wards were trained in the delivery of constructive feedback by the researcher including relevant theory, impact and principles of feedback [8] Feedback was delivered on overall prescribing with further on-going feedback delivered for any error severity classified as significant or above. Error severity was defined according to other published work [1] . Feedback typically took 15 min for the initial feedback, and 5 min for feedback on individual prescribing errors [6] . The control group continued with normal practice.
Data analysis
Prescribing error rate was calculated by dividing total errors by total number of items. Change scores were calculated by determining the difference in prescribing error rates between pre-and post-intervention periods for each prescriber. Chi squared tests were used to compare overall error frequencies. Independent t-tests were used to compare change in mean prescribing error rates at the prescriber level between groups. All data were analysed using SPSS v.22.
Results
Ten prescribers were included in the intervention arm and eleven prescribers in the control arm. Prescriber details and number of feedback sessions are presented in Table 1 .
Prescribing error prevalence
Pre-intervention, 149 prescriptions were recorded for the intervention group, with 81 error free (54.4%). There were 641 items with 123 errors, an overall prescribing error rate of 19.2%. There were 154 prescriptions in the control group, with 89 error free (57.8%). There were 649 items with 121 errors, an overall prescribing error rate of 18.6%.
Post-intervention, 211 prescriptions were recorded in the intervention group, with 141 error free (66.8%). There were 1677 items with 90 errors, an overall error rate of 5.4%. There were 165 prescriptions in the control group, with 63 error free (38.2%). There were 984 items and 236 prescribing errors, an overall error rate of 24.0%.
Prescribing error frequency was different following the intervention for both intervention (v 2 (1) = 83.8, p = \ 0.005) and control groups (v 2 (1) = 4.7, p = 0.030) with no difference between groups at baseline (v 2 (1) = 0.052, p = 0.819).
Prescriber error rates
Prescriber error data is presented in Table 2 . For the intervention group, mean prescribing error rates were 23.1% (SD 18.0, 95% CI 10.3-36.0) pre-intervention and 11.6% (SD 15.6, 95% CI 0.4-22.8) post-intervention, a mean reduction in prescribing error rate of 11.5% (SD 13.0, 95% CI -20.8 to -2.3). For the control group, mean prescribing error rates were 17.7% (SD 9.2, 95% CI 11.5-23.8) pre-intervention and 23.5% (SD 6.2, 95% CI 19.4-27.7) post-intervention, a mean increase in prescribing error rate of 5.9% (SD 8.4, 95% CI 0.27-11.5).
Prescribing error rates were lower in the intervention group compared to the control group following the feedback intervention with a mean change in prescribing error rate of -17.4% (SD 4.7, 95% CI, -27.3 to -7.6), t(19) = -3.694, p \ 0.05, d = 1.60.
Discussion
A review of educational interventions, including feedback, to change prescribing behaviour, concluded that no approach was more effective than others [9] . However, most studies used multiple interventions so it is difficult to know the effectiveness of feedback as a single intervention. This study has reported significant reductions in prescribing errors following pharmacist-led feedback as a single intervention. The prescribing error rate was higher than in one large UK study [8] and could reflect inclusion of clinically non-significant errors, although error rates are consistent with those reported elsewhere [2] . Evidence [3] suggests that feedback is more effective when individuals are not performing well to start with, and could reflect the reductions in error rates observed in this study.
Feedback can encourage reflection and raise awareness of performance deficits [5] . Here, feedback challenges prescriber perceptions to allow calibration of prescribing behaviour and is consistent with perceptual control theory [10] . This study supports the need for feedback to raise prescriber awareness of error, encourage self-reflection and allow them to adapt their prescribing. Where the role of pharmacists as facilitators of feedback is recognised, further feedback and information can be actively sought to inform prescribing further [6] .
Pharmacists have previously reported apprehensions towards delivering prescribing error feedback [5] . Such apprehension could vary between prescriber grade which may influence what feedback is delivered to a junior doctor or consultant for example. It is unknown if these apprehensions are present in pharmacists in this study or their influence on feedback delivery with further research necessary to understand these issues.
Prescribing errors can compromise patient safety, take time to resolve and have significant operational costs. This project has utilised the existing skills of pharmacists to improve prescribing outcomes. Where prescribing errors are reduced, patient safety can be improved with potential cost savings, and time saved to allow staff to focus on other patient centred activities.
Prescribing is complex with multiple factors that can influence error occurrence. Considering this, feedback is likely to be one of multiple interventions, encompassing educational initiatives and system changes that will be needed to optimise prescribing. Where hospitals have ward-based pharmacists, this model of prescribing error feedback could be adopted to support prescribing, although larger mixed method studies are required to determine reproducibility and resource implications.
Strengths and limitations
To our knowledge, this is the first UK study reporting significant reductions in general prescribing errors in a hospital setting following feedback as a single intervention. Some prescribers had small numbers of prescribed items which could be potentially misleading, although these were more senior grade prescribers who would typically prescribe less items. Interpretation of an error by pharmacists could be subjective, although relevant training was provided and prescribing error interception and resolution forms part of a ward pharmacist's responsibilities. The wards do not reflect the mixed ecology of a large hospital with the effect on surgical, admissions or care of the elderly wards for example unknown. The sample size was small and non-randomised so it is unknown if effects were achieved by chance or can be reproduced on a larger scale although it would be difficult to randomise prescribers without diffusion of effect to other areas for example. This study has not explored the impact on prescribing error type or severity. However, this was an exploratory study to determine the impact on prescribing error rates, with results informing the need for larger studies. Whilst wards were matched for turnover, fewer items were recorded for the control group which may have influenced results although prescription numbers were similar and total errors were higher in the control group. Where a ward pharmacy service is provided, this study demonstrates potential for pharmacists to deliver prescribing error feedback.
Conclusion
This study has demonstrated that pharmacist-led feedback can positively influence prescribing with potential benefits for patient safety, cost and time savings. Further work is necessary to understand why feedback influences any improvement in prescribing, if these results can be reproduced on a larger scale, and the most effective combination of feedback with other prescribing error reduction initiatives.
